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METHOD FOR CALCULATING IBNP HEALTH RESERVES WITH LOW 

VARIANCE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is related to methods of calculating incurred but not yet paid 
insurance claim amounts. 

2. Background Art 

Liability reserve amount for incurred but not yet paid (IBNP) insurance claims, is a 
principal driver of reported financial results of insurers. Accurate estimates of IBNP liability 
reserve amount is required by a company to minimize reserve errors, reduce capital expenditures, 
accurately assess profitability and tax liabilities, maintain statutorily required minimum liability 
reserve amounts, comply with generally accepted accounting procedures (GAAP) and statutory 
reporting requirements in financial statements and the like. This is particularly true for health 
insurance and managed care organizations, though it is also applicable to other fields such as 
accident, life and disability insurance. 

IBNP liability reserve amount. Using health insurance by way of example, a claim 
against an insurance company is incurred when a patient receives medical services from a health 
care provider. The provider then submits a claim for payment for those services to an insurance 
company. All or a portion of the claim will be paid by the insurance company at some time after 
the claim was incurred. That is, a claim lag time exists during which such things as claims 
reporting and processing occurs. For this reason, the actual amount of IBNP claims is unknown 
on any particular valuation date. The liability reserve amount is an estimated amount of incurred 
but not yet paid claims as of a valuation date for which the company is liable for payment. 

An IBNP liability reserve amount is typically first estimated by a company's 
actuaries as a liability which is then recognized by the company's accountants as a reserve. IBNP 
liability reserves are quantities of money which, while they may reflect a cash amount represented 
as an asset in the possession and control of the insurance company, are actually monies that belong 
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to someone else or that are contractually committed to pay for a third party's expenses, e.g. those 

of the health care service provider. 

Accurate estimation of the IBNP liability reserve amount is very important. The 

variance between the actual amount of IBNP claims a company will eventually pay and the 
5 estimate for the IBNP liability reserve amount can be quite significant since the IBNP liability 

reserve amount at a given point in time can easily be greater than the total annual target profit for 

the company. Thus, even small inaccuracies in the estimations for IBNP liability reserve amounts 

can have a significant financial impact on the company. 

Consequences of over-estimation of IBNP liability reserve amount. Since the 
10 IBNP liability reserve amount comes straight off a company's bottom line on its financial 

statement, over-estimating IBNP liability reserve amount causes the company to appear less 

profitable than it actually is. As a result, the company pays less income taxes than it would if the 

IBNP liability amount was actually known. This may result in an assessment of substantial 

penalties and interest by the Internal Revenue Service (IRS) for underpayment of taxes. 
15 Under-reporting profitability may also adversely affect the stock prices for publicly 

traded companies, affective capitalization and capital-raising efforts. In addition, it may 

significantly effect executive's bonus arrangements, not to mention job security. Bonuses for 

rank-and-file employees can also be directly affected. 

Over-estimation of the IBNP liability reserve amount means that too much money 
20 is set aside by the company in the reserve. This may directly affect the ability of the company's 

managers to take corporate actions, since certain statutory surplus levels are required for 

regulatory approval by state insurance commissioners of many actions such as acquiring a new 

block of business or launching a new line of business. 

In response to unrealistic IBNP liability reserve estimates, auditors may 
25 recommend a restatement of the financials for the company which reflects badly on the company's 

Chief Financial Officer's (CFO's) performance, or they may return a qualified audit which reflects 

badly on the entire company in addition to its CFO. 
^ Consequences of under-estimation of IBNP liability reserve amount. State 

insurance departments set required statutory surplus levels. Under-estimation of IBNP liability 
30 reserve amount means lower reserves, which means more surplus (surplus being cash in excess of 

recognized reserves). If a company is operating close to minimum "regulatory action" levels for 

surplus, and the Insurance regulators find that the IBNP liability reserves are inadequate, they may 

take actions against the company. 
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Under-estimating IBNP liability reserve amount causes the company to appear 
more profitable than it actually is. This may result in the inappropriate payment of performance- 
based bonuses to executives. 

Finally, the rating of companies (e.g., Standard & Poor's, Best) is very sensitive to 
5 the surplus position. In addition to the "static" surplus position, a history of large variances in 

realized results from initially stated results will result in a lower rating for an otherwise equivalent 
surplus position. This has a direct effect on capitalization for for-profit companies (lower rating 
means higher interest paid for new bond issuance, lower stock values, etc.) as well as an indirect 
effect on marketing (people like to buy insurance from companies with strong ratings). 

10 Current methods for estimating IBNP liability reserve amounts are inadequate. 

For the reasons just discussed, it is very important to Chief Financial Officers (CFOs) of managed 
care and health insurance organizations to minimize the month-to-month variation and inaccuracy 
in estimated liability reserves for IBNP. While a certain degree of real variation in these liability 
reserves is to be expected, it is the duty of the financial actuary to calculate as accurately as 

15 possible the amount to be expected. The achievement of this goal necessitates an understanding of 
the difference between the "process variance," measured by the standard deviation of the 
underlying claim incurred and payment process, and the "method variance," or standard error, 
which is a characteristic of the measurement method. 

Due to the heuristic nature of most of the calculation methods used by actuaries, a 

20 certain amount of method variance is to be expected. However, a critical evaluation of the most 
common methods for estimating IBNP reserves used by actuaries practicing in health care finance, 
shows that these methods are based on faulty assumptions and so yield, for the most part, a much 
higher error due to methodology than is necessary. 

A re-examination of one of the basic properties of variance will reveal why the 

25 usual IBNP liability reserve calculation methods result in a high method variance, and what will 
lower that variance. That key property is that statistical variances are additive under addition, but 
increase polynomially under multiplication. That is, the variance of the sum of a collection of 
random variables is, in general, the sum of the variances of the individual variables, while 
multiplication of random variables increases variance in proportion to the square of the 

30 multiplying factor. For ease of presentation here, let us assume that statistical co-variances are 
negligible. 

So, to keep the method variance (standard error) to a minimum, one should seek to 
use methods that rely on the summation of data, and avoid methods that use or result in 
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multiplicative factors. A prime example of this principle in statistics is the "Best (i.e., lowest 
variance) Linear Unbiased Estimator" of regression, which is derived by minimizing the sum of 
the squared errors. 

It is worthwhile also scrutinizing the sources of variability in the process of claims 
5 incurred and payment (i.e., process variance) to better understand what one is attempting to 

measure. People get sick, more-or-less at random, and, if they judge themselves to be sufficiently 
sick, seek out medical care by going to their doctor or, in some cases, the hospital emergency 
room. At that point they enter the health care system, which provides them a selection of services 
or products that, hopefully, gets them well and back into their normal, healthy routine again. The 

10 amount and cost of this health care treatment can vary enormously in each case, depending on the 
presenting condition. 

On the face of it, then, the actuary is concerned with dealing with these two largely 
random events: who gets sick how often, and how much does it cost? 

However, between the point when the person (now a patient) enters the health care 

15 system, and the time when the paying party (e.g., the health insurer or HMO) actually cuts a check 
to the providers in the system to reimburse them for the expense of their services, a lot of things 
happen. And those things (let's call them "claims reporting and processing") usually take time 
(the "claim lag"). During the claim lag time, the value of those healthcare services (or at least the 
part for which the payer is liable) floats in the limbo of IBNP. 

20 The problem from the actuary's point of view is that the amount of time involved in 

claims reporting and processing can vary considerably in a seemingly random manner, and may or 
may not relate to how many claims are floating around in the IBNP limbo, or how big they are. 

Completion Factor Method . The method used by most actuaries to address this 
problem and to calculate IBNP liability reserve amount is the Completion Factor Method, which is 

25 mathematically equivalent to the "Chain Ladder" and "Lag" methods, (see, Bluhm, W.F., et al., 
eds., Group Insurance, 4 th ed., pp. 811-828, 2003, Actex Publishing; Litow, M.E., 1989, A 
modified development method for deriving health claim reserves, Transactions of the Society of 
Actuaries, Volume 41:89-146, 1989). This method relies on the principle assumption that the only 
source of variability in actual claims liabilities is in the frequency and intensity of health care 

30 services (morbidity), and there is no variability in the rate of claims reporting and processing. 
That is, incurred claims will be reported to and paid by the health insurance payer at a constant 
rate over time with no process variance from this source. The Completion Factor Method is based 
on the calculation of the historical proportion of claims incurred in a given incurred period 
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(usually the incurred month) and paid in that and any given succeeding period (usually the paid 
month), to the total incurred claims in the incurred period. This ratio is the "completion factor". 
For a recent month, the incurred and paid claims are then multiplied by the reciprocal of the 
completion factor to give an estimate of the actual incurred claims in the incurred period. The 
5 total incurred claims are estimated by simply adding together the amounts calculated for each 
month up to the valuation date. 

Since this process involves multiplying real data by a statistical parameter that is 
calculated using multiplication, it is no surprise that the standard error of the result is quite high. 
The fact that the Completion Factor Method suffers from a large method variance has been widely 

10 recognized. This method variance or error is sometimes described as a "low credibility", and is 
especially problematic in months immediately preceding the valuation date, where lies the bulk of 
IBNP claim liability reserve amounts. Despite the high method variance associated with the 
Completion Factor Method, it remains the favored method by most actuaries. (Bluhm, W.F., et al., 
eds., Group Insurance, 4 th ed., pp. 811-828, 2003, Actex Publishing). 

15 Incurred Claims Method . Because of the high method variance of the Completion 

Factor Method, a second method is frequently applied called the "Incurred Claims" method (also 
known as the "Exposure" or "Loss Ratio" methods). Under the Incurred Claims Method, average 
amounts of incurred and paid claims from months well before the valuation date are "completed" 
(usually using the Completion Factor Method) to yield estimates of incurred claim amounts. 

20 Those monthly incurred claim estimates are then used to project total incurred claims for more 
recent months. The IBNP liability reserve amount is then determined as the difference between 
the incurred and paid claims, and the incurred claim amounts estimated in this manner. 

^The Incurred Claims Method suffers from the obvious shortcoming that, for 
purposes of estimating incurred claims, it totally ignores the amounts for claims incurred and 

25 already paid for the claims incurred periods to which it is applied. This results in a negative 

correlation between claims already paid and claims not yet paid for any given month of incurred, 
which is totally the opposite relation from that assumed by the Completion Factor Method. 

Furthermore, if the Incurred Claims Method is applied to claim incurred periods 
with more than a minimal claims payment runout period, the amount of claims already paid for a 

30 month may exceed the projected total incurred claim amount. Since negative IBNP liability 
reserve amounts are, in general, not allowed, this situation results in an inherent bias in the 
Incurred Claims Method towards over-estimation of incurred claims and IBNP liability reserve 
amounts. The Incurred Claims Method and its variations have also been extensively discussed in 
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the literature (see e.g., Bluhm, W.F., et al., eds., Group Insurance, 4 th ed., pp. 81 1-828, 2003, 
Actex Publishing). 

As with the Completion Factor Method, the Incurred Claims Method for 
calculating IBNP claim liability reserve amount is based on a false assumption. That is, that the 
only source of variability in how much is paid in claims each month is due to the claims reporting 
and processing, and there is no variability in actual member morbidity. 

In conclusion, the two main methodologies currently employed for calculating 
IBNP liability reserve amount yield inaccurate results due to relatively high method variances 
inherent in the methodologies. Despite their obvious shortcomings however, the prevalence of 
these two methods is such that they are specified by the National Association of Insurance 
commissioners (NAIC) as the methods of choice for calculation of claim liability reserves (NAIC, 
NAIC Health Reserves Guidance Manual. 2001). 

For the foregoing reasons, there is a need for a new system and method for 
accurately estimating liability reserve amounts for incurred but not yet paid (IBNP) insurance 
claims, for use by an insurance company in accurately estimating IBNP claim liability reserve 
amount so as to minimize liability reserve errors, reduce capital expenditures, accurately assess 
profitability and tax liabilities, maintain statutorily required minimum reserve amounts, comply 
with GAAP and statutory reporting requirements in financial statements and the like. 

SUMMARY OF THE INVENTION 

The present invention is directed to a system and method that satisfies this need for 
accurately estimating liability reserve amount for incurred but not yet paid (IBNP) insurance 
claims for use by an insurance company so as to minimize liability reserve errors, reduce capital 
expenditures, accurately assess profitability and tax liabilities, maintain statutorily required 
minimum reserve amounts, comply with GAAP and statutory reporting requirements in financial 
statements and the like. The computer-implemented method of the present invention is directed 
to providing estimations of IBNP liability reserve amounts that will vary minimally from the 
actual IBNP amounts eventually paid by a company. 

In one embodiment the present invention provides a method for estimating incurred 
but not yet paid (IBNP) claim amounts suitable for execution on a computer system. The method 
comprises accessing a set of historical data for each of a plurality of incurred periods and paid 
periods prior to a valuation date. An incurred period is a time period in which a claim is incurred 



while a paid period is a time period in which the incurred claim is paid. Moreover the set of 
historical data comprises a paid lag claim amount for each combination of incurred and paid 
periods where the paid lag claim amount is the total actual amount of claims incurred in a given 
incurred period and paid a given lag time later in a given paid period. The lag time is a measure of 
5 elapsed time from a point in the given incurred period to the given paid period. The method of the 
present invention further comprises identifying a functional relationship between cumulative paid 
lag claim amounts and paid lag claim amounts. This function relationship will have one or more 
adjustable parameters with the cumulative paid lag claim amounts are independent variables and 
the paid claim amounts are dependent variables. The cumulative paid lag claim amount for a 

10 selected incurred period is the sum of paid lag claim amounts for one or more paid periods or the 
sum of paid lag claim amounts for one or more paid periods multiplied by a weighting factor (as 
of the valuation date). Next, in accordance with the method of the invention, the one or more 
adjustable parameters are adjusted to obtain optimized parameters such that a predetermined 
function of differences between calculated paid lag claim amounts and actual paid lag claim 

15 amounts is minimized (e.g., a least squares regression). The functional relationship with the 

optimized parameters is used to estimate IBNP claim amounts for each combination of incurred 
periods and paid periods after the valuation date for each paid period after the valuation date, from 
the cumulative paid lag claim amounts for each incurred period as of the valuation date. In one 
variation of the invention, the IBNP claim amounts may then be used to calculate an incurred 

20 period IBNP claim amount for each incurred period by summing the IBNP claim amounts 
estimated over all paid periods after the valuation date for each incurred period before the 
valuation date. The incurred period IBNP claim amounts may be used to estimate a total IBNP 
liability reserve amount as of the valuation date by summing the incurred period IBNP claim 
amounts over all incurred periods prior to the valuation date. In another variation of this 

25 embodiment, a paid period IBNP claim amount for each paid period after the valuation date is 

calculated by summing IBNP claim amounts over all incurred periods before the valuation date for 
each paid period after the valuation date. The paid period IBNP claim amount may then be used 
to estimate a total IBNP liability reserve amount by summing the paid period IBNP claim amounts 
over all paid periods after the valuation date. 

30 In still another variation of this embodiment, each of the plurality of incurred 

periods has an associated number of exposures. Moreover, the weighting factor multiplying the 
paid lag claim amounts (before summing) for each of the plurality of incurred periods is 1 divided 
by the associated number of exposures. This produces a per exposure paid lag claim amounts 



where the cumulative paid lag claim amounts are the per exposure cumulative paid lag claim 
amounts and the EBNP claim amounts are the per exposure IBNP claim amounts. An incurred 
period IBNP claim amount for each incurred period is calculated by summing, over all paid 
periods after the valuation date, the products of the per exposure IBNP claim amount for the given 
5 paid period times the number of exposures for that incurred period. The incurred period IBNP 
may then be used to estimate a total IBNP liability reserve amount by summing the incurred 
period DBNP claim amount over all incurred periods. Alternatively, a paid period IBNP claim 
amount for each paid period after the valuation date may be calculated by summing, over all 
incurred periods before the valuation date for the respective paid periods, the products of the per 
10 exposure IBNP claim amount for the given paid period times the number of exposures for the 

respective incurred periods. The paid period EBNP claim amounts may be used to estimate a total 
IBNP liability reserve amount by summing the paid period IBNP claim amounts over all paid 
periods. 

In another embodiment of the present invention, an alternative method for 

15 estimating incurred but not yet paid (IBNP) claim amounts is provided. The method of this 

embodiment comprises accessing a set of historical data for each of a plurality of incurred periods 
and paid periods prior to a valuation date. Again, an incurred period being a time period in which 
a claim is incurred and a paid period being a time period in which the incurred claim is paid. The 
set of historical data comprising a paid lag claim amount for each combination of incurred and 

20 paid periods where the paid lag claim amount is a total actual amount of claims incurred in a given 
incurred period and paid a given lag time later in a given paid period and the lag time is a measure 
of elapsed time from a point in the given incurred period to the given paid period. A summed paid 
lag claim amount for a selected lag time that is equal to the sum of paid lag claim amounts for 
incurred periods times an incurred month specific weighting factor as of the valuation date for the 

25 selected lag time is then calculated. The incurred month specific weighting factor is set to a 

predetermined value for each incurred month. Next, a summed exposure amount that is the sum of 
exposures for each incurred period times the incurred month specific weighting factor that is used 
to calculate the summed paid lag claim amount is calculated. Finally, a weighted average per 
exposure IBNP claim amount for each lag time is estimated by dividing the summed paid lag 

30 claim amount by the summed exposure amount. IBNP claim amounts may then be used to 

estimate an incurred period EBNP claim amount for each incurred period by summing IBNP claim 
amounts over all paid periods after the valuation date for each incurred period before the valuation 
date. It will be readily recognized that when the incurred month specific weighting factor is equal 



to one, the BBNP claim amounts are average per exposure paid lag claim amount. Moreover, in a 
variation of this embodiment, a total DBNP liability reserve amount is estimated by summing the 
incurred period IBNP claim amount over all incurred periods. 

In yet another embodiment of the present invention, a computer system having 
5 memory for accessibly storing data (e.g., a database) and a processor for processing data are 

provided. The computer system of this embodiment executes the method of the invention set forth 
above. A set of historical data for each of a plurality of time periods prior to a valuation date is 
stored in the memory. This historical data may consist of a number of exposures, and a paid lag 
claim amount for each combination of incurred and paid periods. 

10 An average paid lag claim amount is calculated for each lag time, by summing the 

paid lag claim amounts for a given lag time over all incurred periods for which the time from the 
end of the incurred period to the valuation date is greater than or equal to the lag time, and 
dividing the resulting sum by the total number of incurred periods. Calculating the average may 
optionally involve applying a user-defined weighting factor to the paid lag claim amounts. IBNP 

15 claim lag amount are projected by setting the IBNP claim amount for claims incurred in a given 
incurred period before the valuation date and to be paid a given lag time later in a given paid 
period following the valuation date equal to the average paid lag claim amount for the given lag 
time. A total IBNP claim amount for each incurred period is estimated by summing the projected 
IBNP claim amounts over all paid periods after the valuation date for a given incurred period. The 

20 total liability reserve amount for IBNP claims on the valuation date is estimated by summing the 
total IBNP claim amount for each incurred period over all incurred periods. A user of the 
computer-implemented method is then able to use these estimated IBNP claim amounts to 
minimize liability reserve errors, maintain statutorily required minimum IBNP reserve amounts 
and to more accurately comply with GAAP and statutory reporting requirements in financial 

25 statements. 

In a variation of this embodiment, the computing system implements a method in 
which a cumulative paid lag claim amount as of the valuation date is calculated by summing the 
paid lag claim amounts over all incurred and paid periods prior to the valuation date. The 
calculated average paid lag claim amount for each lag time may be further improved by 
30 statistically regressing the paid lag claim amount against the cumulative paid lag claim amount to 
calculate a regressed paid lag claim amount for each lag time. Such regression typically involves 
identifying a functional relationship between cumulative paid lag claim amounts and paid lag 
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claim amounts as set forth above. The above calculations am also be expressed in terms of per- 
exposure units. 

In another aspect, a program storage device, readable by a machine, tangibly 
embodying a program of instructions executable by the machine is provided to perform one or 
more of the processes described above. 

In another aspect, an article having a computer-usable medium has computer- 
readable program code embodied in the medium for performing one or more of the processes 
described above. 

In another aspect, a computer program product is provided to perform one or more 
of the processes described above. 

In any of the embodiment or variations of the method and computer system of the 
invention, adjustments to the paid lag claim amounts may be made for seasonality effects and 
trends. If this is done, the projected IBNP claim amounts may also be adjusted for effects of trend 
or seasonality. 

Several objects and advantages of the present invention include providing (a) 
means by which IBNP claim amounts for claims incurred in a given incurred period before a 
valuation date and to be paid a given lag time later in a given paid period following the valuation 
date, are projected be setting same equal to the average paid lag claim amount for the given lag 
time; (b) means by which total liability reserve amount for IBNP claims may be accurately 
estimated with minimal variance from the actual IBNP amount eventually paid by a payer; and (c) 
means for outputting the IBNP claim amount estimates for use to minimize liability reserve error 
with the resulting advantages of reduction of capital expenditures, accurate assessment of 
profitability and tax liabilities, maintenance of statutorily required minimum reserve amounts, 
compliance with GAAP and statutory reporting requirements in financial statements, and the like. 

The reader is advised that this summary is not meant to be exhaustive. Further 
features, aspects, and advantages of the present invention will become better understood with 
reference to the following description, accompanying drawings and appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 
For a better understanding of the present invention, reference may be made to the 
accompanying drawings, in which: 

Fig. 1, shows an overview of the method steps of versions of the present invention; 
Fig. 2, shows the general system of the present invention; and, 
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Fig. 3, shows the projected paid lag module of the general system of the present 

invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

5 

Referring now specifically to the figures, in which identical or similar parts are 
designated by the same reference numerals throughout, a detailed description of the present 
invention is given. It should be understood that the following detailed description relates to the 
best presently known embodiment of the invention. However, the present invention can assume 
10 numerous other embodiments, as will become apparent to those skilled in the art, without 

departing from the appended claims. For example, the present invention may be applied to other 
areas of insurance. 

It should also be understood that, while the methods disclosed herein may be 
described and shown with reference to particular steps performed in a particular order, these steps 
15 may be combined, sub-divided, or re-ordered to form an equivalent method without departing 

from the teachings of the present invention. Accordingly, unless specifically indicated herein, the 
order and grouping of the steps is not a limitation of the present invention. 

Definitions. 

20 Claim - A claim is an amount of charges for health care services for which a payer 

(e.g., an insurance carrier) is liable for payment. 

Claims: Incurred Period - An incurred period is a time period in which a claim is 

incurred. 

Claims: Lag Time - A lag time is a measure of elapsed time from claim incurral to 
25 claim payment. Lag time is measured from a point in the claim incurred period to an equivalent 
point in the claim paid period (e.g., from the start of the claim incurred period to the start of the 
claim paid period; from the end of the claim incurred period to the end of the claim paid period; or 
the like). 

Claims: Paid Period - A paid period is a time period in which the claim is paid. 
30 Claims: Completed Claims - Completed claims is an estimate of an amount of 

incurred claims arrived at by adding the incurred but not yet paid (IBNP) claims estimate and the 
incurred and paid claim amount. 
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Claims: Incurred Claims - An incurred claim amount is an actual amount of 
claims incurred in a given incurred period, regardless of when the claims are actually paid. The 
incurred claim amount is not known for certain until long after a claim event (i.e., when all the 
incurred claims have been paid), but it is what the user of the present invention is attempting to 
5 estimate. 

Claims: Incurred and Paid Claims - An incurred and paid claim amount is an 
amount of claims incurred in a given incurred period, and paid in a given paid period. 

Claims: Paid Claims - A paid claim amount is an amount of claims paid by a payer 
within a given paid period, regardless of when the claims were incurred. Similar to incurred and 
10 paid claims, there may or may not be a run-in period associated with paid claims, depending on 
the situation. 

Claims: Per Exposure Paid Lag Claims - A per exposure paid lag claim amount is 
the total incurred and paid claim amount divided by the number of exposures in the incurred 
period over all incurred and paid periods. 
15 Claims: Paid Lag Claim Amount — A paid lag claim amount is a total actual 

amount of claims incurred in a given incurred period and paid a given lag time later in a given 
paid period. The paid lag claim amount is the incurred and paid claim amount organized by 
incurred period and lag time. There is a paid lag claim amount for each combination of incurred 
and paid period. 

20 Claims: Reported Claims - Reported claims are claims for which the payer has 

received a request for payment from a provider or covered member, but which have not yet been 
paid by the payer. Historically, the period of time for claims to be reported was considerable 
longer than the amount of time it took a payer to process and pay the claim once it was reported. 
For this reason, insurers frequently tracked Incurred but not yet reported (IBNR) claim liability 

25 reserves rather than IBNP reserves. The prevalence of the IBNR terminology is such that 

insurance company personnel frequently refer to "IBNR" claim reserves when they are actually 
referring to IBNP claim reserves. The difference between an IBNR reserve and an IBNP reserve 
lies solely in the establishment of the point in the claim "life cycle" when the liability is actually 
measured. The methods used to determine IBNR claim liability reserves and IBNP claim liability 

30 reserves are identical. For purposes of this patent, reported claims are considered paid claims so 
long as the application of terms is consistent. 

Completion Factor Method - The Completion Factor method is a method 
traditionally used for estimating IBNP liability reserve amount that takes into account variance in 
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claims incurred, but not in claims reporting, processing and payment. In so doing, the Completion 
Factor Method contains the implicit assumption that the rate of claims reporting, processing and 
payment is constant and does not vary with time, (see Overview - theoretical background section 
for further explanation). 
5 Contract unit - In health insurance, the contract unit is the entity for which 

coverage is provided. The exact definition will depend on the definition given or implied within 
the specific contract of insurance coverage. Typically, the contract unit is considered to be either 
an individual member or a subscriber plus any covered dependents. Thus, the contract unit may 
variously include single individuals, a subscriber and spouse, a subscriber and dependent children, 

10 or a full family unit (subscriber, spouse and dependent children.) Contract units are sometimes 
referred to as simply "contracts". 

Dependent variable — In a mathematical expression relating two or more variables, 
the dependent variable is the "output" variable, which takes on a characteristic value depending on 
the chosen value of the "input", or independent variable (or variables). When such mathematical 

15 relationships are displayed graphically using Cartesian coordinates, the dependent variable is 

typically identified as the vertical, or "y" axis. In functional representations of relationships, the 
dependent variable is expressed as a function of the independent variable. For example, in the 
expression y = f(x), x represents the independent variable, and y represents the dependent variable 
which takes on a unique value for each value of x for which the function f is valid. The term 

20 dependent variable should not be confused with the concept of dependence or independence of 
variables. 

Exposure - A measure of the amount of risk assumed by a payer of insurance 
benefits. Exposure is usually counted as the number of contract units of coverage for a specified 
time period. Typical units counted as exposures are members, subscribers, or contract units (such 

25 as families, couples, and single individuals.) The typical time unit for counting exposures is a 

month, although any reasonably constant time period may be used, such as a year or a week. As > 
an example, if the exposure units being counted are members and the time period is months, then 
an exposure unit would be equivalent to coverage of one member for one month, which is 
frequently referred to as a member-month. 

30 GAAP - Acronym for generally accepted accounting procedures. 

IBNP - Acronym for incurred but not yet paid claims. 

IBNP liability reserve amount — An IBNP liability reserve amount is an estimated 
amount of incurred but not yet paid (IBNP) claims as of a valuation date for which the payer is 
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liable for payment. An IBNP liability reserve amount is typically first estimated by a payer's 
actuaries as a liability which is then recognized by the payer's accountants as a reserve. IBNP 
claim amounts may be estimated by incurred period prior to the valuation date and paid period 
following the valuation date; by totaling by incurred period or by paid period; or by totaling over 
5 all incurred periods or paid periods; or any combination of the preceding, depending on the 

requirements of the user. Thus a user may estimate IBNP liability reserve amounts as (a) IBNP 
claim amounts for claims incurred in a given incurred period before a valuation date and to be paid 
a given lag time later in a given paid period following the valuation date; (b) a total IBNP claim 
amount per incurred period; (c) a total IBNP claim amount per paid period; or, (d) a total IBNP 
10 liability reserve amount over all incurred/paid periods. 

Incurred Claims Method - The Incurred Claims Method is a method traditionally 
used for estimating IBNP liability reserve amount that takes into account variance in claims 
reporting, processing and payment, but not in claims incurred. In so doing, the Incurred Claims 
Method contains the implicit assumption that all variation in the amount of claims incurred and 
15 paid through a given valuation date is due solely to variance in the rate at which claims are 
reported, processed and paid, and that the amount of incurred claims per exposure per month 
(PMPM, or per exposure) does not vary from the total projected, including effects of such 
variables as trend and/or seasonality for which allowance is explicitly made, (see Overview - 
theoretical background section for further explanation). 

20 Independence (of variables) - Two variables are independent if no relationship 

exists between them. The value observed for one variable does not affect the value which the 
other variable will take on. When a bivariate linear regression analysis is performed between two 
independent variables, and the assumed relationship is plotted in Cartesian coordinates in typical 
fashion, the result will be a horizontal line, indicating that the expected value of the assumed 

25 dependent variable is not affected by the value assigned to the independent variable. 

Independent variable - In a mathematical expression relating two or more 
variables, the independent variable(s) is the "input" variable. When such mathematical 
relationships are displayed graphically using Cartesian coordinates, the independent variable is 
typically identified as the horizontal, or "x" axis. In functional representations of relationships, 
30 the dependent variable is expressed as a function of the independent variable. For example, in the 
expression y = f(x), x represents the independent variable, and y represents the dependent variable 
which takes on a unique value for each value of x for which the function f is valid. The term 
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independent variable should not be confused with the concept of dependence or independence of 
variables. 

Liability reserve error - A liability reserve error is the difference between the 
estimated IBNP liability reserve amount and the actual amount of incurred claims that are 
eventually paid at some time after the valuation date. The more accurate the estimated IBNP 
liability reserve amount, the smaller the liability reserve error. 

Member - A member is an individual covered by an insurance plan in a given 
incurred period. In general usage, the term member may be expanded to include contract units of 
coverage. 

Member-exposure unit — Exposure (see exposure above). 

Paid Lag Method - The Paid Lag Method is the novel method of the present 
invention for estimating IBNP liability amounts, including the total IBNP liability reserve amount 
at a given valuation date. 

Payer - A payer is an entity liable for payment of an incurred claim, e.g. an 
insurance carrier. 

PMPM - An acronym for per member per month. Equivalent to per exposure per 
month, or per exposure values. Month may be replaced by another unit of time. 

Simple Paid Lag Method - The Simple Paid Lag Method is one version of the Paid 
Lag Method of the present invention in which it is implicitly assumed that the IBNP amount for a 
given time period is independent of the amount of claims incurred and already paid. The 
statistical regression step is replaced by an averaging of historical paid lag claim amounts (see 
Detailed Description - method section for further details). 

Regressed Paid Lag Method - The Regressed Paid Lag Method is one version of 
the Paid Lag Method of the present invention in which it is implicitly assumed that the IBNP 
claim amount for a given incurred period is related to or dependent on the amount of claims 
incurred and already paid. A statistical regression step is employed to estimate the degree of this 
dependence (see Detailed Description - method section for further details). 

Regression - Mathematical regression random variables refers to a family of 
statistical techniques which require the assumption of an underlying relation between the 
variables. The most familiar form of regression is bivariate linear regression, which assumes a 
linear relationship between a single independent ("x") variable, and a dependent ("y") variable. 
The assumed relationship in bivariate linear regression is of the form y = a + (3x, where the value 
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of regression parameter P is commonly referred to as the "slope", and the value of the regression 
parameter a is commonly referred to as the "y-intercept". If the variables are independent, then |3 
will have a value of zero ( 0 ), and a will have a value equal to the average or mean value of the 
variable y. The underlying relationship may be of any form, including exponential, in which case 
5 the relationship is of the form y = ax^, or polynomial, in which case the relationship is of the form 
y = a + pix + P2X 2 + fox 3 + . . . . If the variables are independent, then the relationship is of the 
form y = a, and a takes on the value of the average or mean value of the random variable y. 

Seasonality - The tendency for the amount of incurred claim liabilities to vary in a 
consistent and predictable manner within the space of a calendar year. In health insurance, 

10 seasonality may be due to seasonal variations in morbidity (the rate at which individuals seek 

medical care), benefit design (such as when health plan has an annual deductible or annual out-of- 
pocket cost-sharing maximum), or calendar effects (for example, variation is monthly claims 
caused by the differing number of days in each month, or differences in the number of working 
days in a month.) Actuaries frequently attempt to recognize the effects of the different types of 

15 seasonality by making appropriate adjustments to claims incurred or paid in each month in the 
course of performing calculations. 

Trend - The tendency of per-exposure health care costs to increase with time due to 
either increases in the rate of utilization of health care services, or changes in the amounts charged 
by providers for specific health care services. Commonly recognized components of trend include 

20 price inflation, changes in utilization rates, new products and technologies, and the claim trend 
leveraging effects of benefit cost-sharing components such as deductibles and copays. Actuaries 
usually attempt to adjust for the effects of trend in calculating future claim liabilities by apply an 
appropriate factor to past claim amounts and future claim projections. Alternatively, future claim 
liabilities by be calculated directly by assuming an underlying exponential form (y = oce* 3 *) for 

25 changes in claim costs with time. In the present invention, this latter approach would be 

implemented by applying an exponential regression rather than a linear regression technique when 
determining the regression parameters. 

Time period - A time period is a period of time in which events such as an incurral 
of claims (i.e., an incurred period) or a payment of claims (i.e., a paid period) occurs. Typically, 
30 the time period is a month, but other periods of time may be employed in the system and method 
of the present invention. 
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Valuation date - A valuation date is the date as of which the value of assets or 
liabilities (in the present case, IBNP claim amounts) is determined, also know as the evaluation 
date 

Weighted average - A weighted average is calculated by assigning different 
5 weights (wO to each value of the random variable (x\) for which the weighted average is being 
calculated. An arithmetic weighted average is then calculated as : 

(W1X1 + W2X2 + W3X3 + . . . + W N Xn) / (Wi + W2 + W3 . . . Wn) 

A non-weighted average can be considered to be a special case of the more general weighted 
average in which all weighting values wi are equal to 1 . 

10 Weighted regression - Weighted regression is performed by assigning weight 

values, Wi, to each of the values of the independent random variable, xi, upon which the regression 
is performed with the intent of causing some values (such as those associated with recent time 
periods) a greater weight in determination of the regression parameters. Non- weigh ted regression 
is a special case of weighted regression in which the weights, wj, are all assigned a value of one 

15 (1). Weighted averaging represents a special case of weighted regression in which the variables 
are assumed to be independent, so that the assumed relationship is y = a, where a is the 
(weighted) average value of the variable y. 

Overview - generally 

20 The method (and system for carrying out same) according to the present invention 

is, in overview, a method for estimating incurred but not yet paid (IBNP) claim liability reserve 
amounts by means of projecting paid claims per covered member by lag time based on adjusted 
average monthly paid amounts in historical data. This method is referred to herein as the Paid Lag 
method. 

25 Two versions of this method are presented, the Simple Paid Lag Method, which 

assumes that future paid claim amounts are independent of claims incurred and already paid, and 
the Regressed Paid Lag Method, which assumes that future paid claims are correlated with 
cumulative incurred and paid claims through the valuation date. Both versions of the Paid Lag 
Method have been shown to give significantly more accurate results than the traditional 

30 Completion Factor and Incurred Claims Methods when applied to sets of real data. ^~ 
The reader is referred to other works by the Applicant for further information 
regarding the present invention including: Robert G. Lynch, Calculation of IBNP Reserves with 

c 
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Low Variance, Health Section News, August 2003; and, Robert G. Lynch, A New Method for 
Calculating IBNP Health Reserves with Low Variance, Contingencies, Jan-Feb, 2004 (these 
references are incorporated herein in their entirety by reference). 

5 Overview - theoretical background 

As discussed in the Background section, the Completion Factor and Incurred 
Claims Methods for estimating IBNP liability reserve amount yield inaccurate results. The poor 
performance of these two estimation methods can be explained by an examination of the 
underlying process of claim incurred and payment which they are intended to quantify. The basic 

10 process can be broken down into two, more or less independent component processes contributing 
to overall process variance: (1) claim incurred and (2) claim reporting, processing, and payment. 
Neither the Completion Factor or Incurred Claims Methods account properly for these sources of 
process variance, thereby resulting in estimates of IBNP liability reserve amounts with high 
method variance. The Completion Factor Method takes into account variance in claims incurred, 

15 but not in claims reporting, processing and payment. Whereas, the Incurred Claims Method 
accounts for variance in claims reporting, processing and payment, but not in claims incurred. 

The first process, claims incurred, can be represented as a random variable, 0(m,/), 
which represents the claim liability incurred by member m in month i. Let M/ be the set of 
members in month L The total claims incurred in month i is then simply the summed random 

20 variable: 

<D Total (i) = 2 0(m,i) for all m e M; 

m 

The claim reporting, processing and payment process can be represented by a 
second random variable, ©(/), which measures the probability that a claim incurred in month i will 

25 be paid before the end of month i + /, where I = 0, 1, 2, The convolution of <E>(m,0 and ©(/) 

then represents a measure of the amount of claims incurred by member m in month /, and paid 
before the end of month i + /, O(m,0 • ©(/). If *¥(m,i,l) is defined as the random variable 
describing claims incurred by member m in month i and paid before the end of month i + /, then 
the total claims incurred and paid for month i by the end of month i + / is the sum: 

30 ¥ Tota, aZ) = Z*F(in,i,0 = Z [4>(m,0 •©(/)] for all m e M,- 

m m 

Since all claims are paid or settled eventually, it is required that as i gets large, 
WimjJ) converges to <t>(m,i\ so ©(/) converges to the Identity. 
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When ^F^^O',/) is compared to the process implied by the Completion Factor 
Method, it is clear that the Completion Factor Method implicitly assumes that 0(Z) is a 
deterministic function of /, so that the value assumed by ©(/) is fixed for any given lag time /. In 
other words, the only variability recognized by the Completion Factor Method is in the process of 
5 claims incurred, and no allowance is made for variation in the rate of claims reporting, processing 
and payment. This implies that: 

Y TotaI (i,Z) = !%,/,!) = (EO>(m,O)*E[0(Z)] forallmeM, 

m m 

10 which is false, since in general 

£ [ 0(m, 0 • 0(Z) ] * ( X 0(m, /)) * E [©(/)] . 

m m 

The practical result of this attempt to estimate ^P Total (i,/) with an inappropriate 
model is that the error variance of the final result is very high. This is due to the fact that, even if 
15 E[ ¥ Total (/,Z) ] = E[ £<D(m,0 ] * E[ 0(Z) ], 

m 

this estimator for *F TotaI (i,Z) is a product of two other distinct estimators. Thus the 
variance of the final estimator is proportional to the product of the variances of the two estimating 
parameters separately. 

20 Likewise, when *F Total (i,Z) is compared to the process implied by the Incurred 

Claims Method, it is clear that the Incurred Claims Method implicitly assumes that $?{m,i) is a 
deterministic function of m and i. In other words, the only variance recognized is in the process of 
claims reporting, processing and payment, and-no allowance is made for variance in the actual rate 
of claims incurred. This implies that: 

25 *F Total (Z,Z) = E*F(m,i,Z) = S E [$(m,i)] * 9(/) forallmeM, 

m m 

which is also false, since in general 

E [ <D(m,Z) • 0(0 ] * 2 E [<l>(m,0] * 0(0 . 

m m 

30 The reader will see that, since dealing with the convolution <E>(m,0 • 0(Z) is 

impractical, the alternative is to work directly with the random variable W(m,i,l). If a direct 
estimator of Y(m,Z,Z) is used, then standard linear statistical methods may also be applied to its 

sum, ^P Total (r,Z) = E ^(m^Z). 

m 
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The method of the present invention does this by using a direct estimator of 
^(mJJ), thus enabling application of standard linear statistical methods, as described in further 
5 detail following. The method of the present invention described following, is essentially 

concerned only with the estimation of parameters of the probability function W, which results from 
the convolution of the two distinct processes of claims incurred and claims processing. 

Detailed Description - method 
10 The computer-implemented method of the present invention is a method for 

estimating amounts of reserve liabilities for incurred but not yet paid (IBNP) insurance claims as 
of a given valuation date so as to minimize liability reserve errors, to maintain statutorily required 
minimum IBNP liability reserve amounts and to comply with GAAP and statutory reporting 
requirements in financial statements. Moreover, the computer-implement method of the invention 
15 executes the method of the invention as set forth above. The method of the present invention is 
hereinafter referred to as the Paid Lag Method. 

The reader will please note that though the following description details certain 
versions of the method, other equivalents are also available to a user. For example, though the 
following description generally assumes that the number of exposures per time period will vary, 
20 and therefore accounts for this variation by calculating per-exposure values, this is not a necessary 
step. A user may assume, for example, that exposures are relatively constant over time periods 
and therefore, calculate gross rather than per-exposure values. Likewise, though time periods are 
generally expressed in terms of months below, a time period may be any unit of time depending 
on the needs of the user. 

25 In the Paid Lag Method, the total liability reserve amount for IBNP claims at a 

given valuation date is calculated as the sum, for all past member-exposures, of the projected per 
exposure amounts to be paid in time periods after the valuation date (i.e., paid periods) for claim 
amounts incurred in time periods (i.e., incurred periods) up to the valuation date, summed for all 
members for which there are potential outstanding claim liabilities. The amount of elapsed time 

30 from a point in an incurred period to an equivalent point in a paid period is the lag time. The 
projected incurred but not yet paid (IBNP) paid lag claim amounts per covered member by lag 
time are based on adjusted average monthly paid amounts in historical data. This method yields 
estimates with significantly lower error than previous methods, including the Completion Factor 
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and Incurred Claims Methods (discussed above in Background and Overview-Theoretical 
Background sections). 

Two versions of the Paid Lag Method are presented, the Simple Paid Lag Method 
and the Regressed Paid Lag Method. The Simple Paid Lag Method assumes that future paid claim 
amounts are independent of claims incurred and already paid. The Regressed Paid Lag Method 
assumes that future paid claims are correlated with cumulative incurred and paid claims through 
the valuation date. Both versions of the Paid Lag Method gave significantly more accurate results 
than the traditional Completion Factor and Incurred Claims Methods when applied to sets of real 
data (see, Robert G. Lynch, Calculation oflBNP Reserves with Low Variance, Health Section 
News, August 2003; and, Robert G. Lynch, A New Method for Calculating IBNP Health Reserves 
with Low Variance, Contingencies, Jan-Feb, 2004). 

Simple Paid Lag Method . The first, and most direct, way to apply the above- 
mentioned approach to estimation of IBNP amounts is to use the Simple Paid Lag version of the 
method. In this version it is assumed that the appropriate estimator for ^(mJJ) is the arithmetic 
mean of the historic realized values of WimJJ) for all members (or exposures) m, incurred periods 
i and lag times / before the valuation date, optionally adjusted for such time-dependent variables as 
trend and seasonality. This Simple Paid Lag Method approach, carries the implicit assumption 

that Y(m,f,L) is independent of 2 W(m,i,l) for all / < L. 

Regressed Paid Lag Method . Alternatively, the possible dependence of ^(m,/,L) 
with 2 ^(ra, *,/) (0 < / < L) may be estimated and adjusted for by employing the Regressed Paid 
Lag version of the method. If it is assumed that there is a linear relation between the two, then 
linear regression of the historic realized values of *F(m,i,L) against the corresponding cumulative 

values, Z WimJJ) (where 0 < / < A for all A < L ), will yield two arrays of regression parameters, 
a n and (3/?, respectively, as the slope and intercept parameters to generate the^incurred claims 
estimators (see step 600 below). Let M, be the cardinality of M,-, that is, the number of members in 
each respective incurred period L Then the estimator of claims incurred in period i, paid in lag 
time i + /, given claims incurred in period i and cumulatively paid through period i + L (L < /), is 

E[Y(m,/,L)] = p u + a,/ S 2 *F(in,i,A) + M, (all m e M„ 0 < A < L) 

m A 
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The following describes the basic steps in the method of the present invention (see 

Fig 1). 

Accessing a set of historical data 100. A computer system for executing the 
method of the present invention is provided as described below (see Description - System 
5 section). The computer system has memory 900 for the accessible storage of data (such as a 
database, etc.) and data processor 1600 (see Figs 2 and 3). 

A set of historical data 120 is accessibly stored in memory 900 and will generally 
be provided by a user or the payer, if not the same as the user. The set of historical data 120 
contains, for each of a number of time periods prior to a valuation date, a number of exposures, M, 

10 and a total incurred and paid claim amount for each combination of incurred and paid periods. 
The total incurred and paid claim amount is a total actual amount of claims incurred in a given 
incurred period and paid in a given paid period, the incurred period and the paid period each being 
one of the time periods (i.e., C p j - an amount of claims that were incurred in an incurred period i 
and paid in a paid period, p). 

15 The data may further include a paid lag claim amount for each combination of 

incurred and paid periods. The paid lag claim amount is the total incurred and paid claim amount 
reorganized by the incurred period and by a lag time to generate a total incurred and paid claim 
amount per incurred and lag time over all incurred, lag, and paid time periods, the lag time being a 
measure of elapsed time from claim incurral to claim payment. Lag time is measured from a point 

20 in the claim incurral time period to an equivalent point in the claim paid period (e.g., from the start 
of the claim time period to the start of the claim paid period; from the end of the claim time period 
to the end of the claim paid period; or the like). If paid lag claim amounts are not provided, the 
user may generate them by performing step 200 below. The data may still further include a per 
exposure paid lag claim amount, the per exposure paid lag claim amount being the total incurred 

25 and paid claim amount per incurred and paid period divided by the number of members in the 
incurred period over all incurred and paid periods (if not provided, the user may generate these 
values by performing step 300 below). 

Time periods may be any user-defined period of time, however, as used throughout 
this description, a time period is a month. 

30 The purpose of this step 100 is to access collected past claims experience into an 

ordered format for use in the various calculations and estimations of the method. The 
conventional format used here by way of example is a matrix where columns represent the 
calendar months i in which claims were incurred (i.e. incurred periods), and rows represent 
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calendar months p in which claims were paid (i.e. paid periods). Thus, the contents of a particular 
cell of the matrix represent claims incurred in the calendar month i corresponding to the particular 
cell's column, and paid in the calendar month p corresponding to the particular cell's row. The 
reader will please note that the time period used in this description is months, since that is the most 
common time period used in reserve calculations, but any time period may be used. 



Historical raw data (120; Fig. 2) is, as mentioned above, initially gathered in a 
matrix format with calendar month of claims incurred (i.e., incurred periods) in columns going 
across and calendar month of claims payment (i.e., paid periods) in rows going down. In this 
lower-triangular format, the claim amount C Pii in row p and column i represents claims incurred in 
* month i and paid in month p. This layout is represented for N months of claims incurred and paid 
data in the sample matrix in Table 1 . 



The example shown here is based on N months of claims incurred (with N being 
the most recent month for which paid claims are available) and N months of claims payment. 
However, the number of months of incurred may exceed the number of months of claims payment 
for older months if claims are deemed to be essentially completed before N months of claims 
payment run-out. 
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Table 1. Initial Claims Data in Lower-Triangular Matrix Format 





i — 1 


i = 2 


i = 3 


i = 4 




i = N-3 


i = N-2 


: = N-l 


i = N 


p = l 


Ci.i 


$0 


$0 


$0 




$0 


$0 


$0 


$0 


p = 2 


C2.1 


C2.2 


$0 


$0 




$0 


$0 


$0 


$0 


p = 3 


C3.1 ' 


C3 t2 


C3,3 


$0 




$0 


$0 


$0 


$0 


p = 4 


C4,l 


C4.2 


C43 


C4,4 




$0 


$0 


$0 


$0 










































p = N-3 


Cn-3,1 


Cn-3,2 


Cn-3,3 


Cn-3,4 




Cn-3,N-3 


$0 


$0 


$0 


p = N-2 


Cn-2,1 


Cn-2,2 


Cn-2,3 


Cn-2,4 




Cn-2,N-3 


Cn-2,N-2 


$0 


$0 


p = N-l 


<-N-l,l 


<-N-l,2 


'"N-l ,3 


*~N-1,4 




*-N-l,N-3 


<-N-l,N-2 


<~N-1,N-1 


$0 


P = N \ 


Cn,i 


Cn,2 


Cn,3 


Cn,4 




Cn,N-3 


Cn,N-2 


Cn,n-i 


Cn,n 


Total 
Claims 
Incurred 
in 

Month i 
&Paid 
through 
Month N 


p 


2C p , 2 
P 


2C p ,3 
P 


2 C p ,4 
p 




2 Cp,N-3 
P 


2 C p ,N-2 
P 


2 C Pj n-i 
p 


2 C p> n 
p 


Member 
s in 

Month i 


Mi 


M 2 


M 3 


M 4 




M N . 3 


M N . 2 


M N ., 


M N 



Organizing data by incurred period and lag time for total paid lag claim amount Cn 
200 [optionall. The set of historical data inputs 120 in memory 900 of the computer system may 
or may not be provided with incurred and paid claim amounts organized by incurred and lag time. 
If not provided in this format, the historical data 120 is processed to organize the total claim 
amounts by the incurred period, i, and by a lag time, Z, the lag time being a measure of elapsed 
time from claim incurred period, i, to paid period, p, to generate a total incurred and paid claim 
amount per incurred period and lag time over all incurred periods and lag times, Cij . 

The claim lag time is a measure of elapsed time from claim incurral to claim 
payment. Lag time is measured from a point in the claim incurred period to an equivalent point in 
the claim paid period (e.g., from the start of the claim time period to the start of the claim paid 
period; from the end of the claim time period to the end of the claim paid period; or the like, so 
long as the definition is applied consistently). 

The purpose of this step 200 is merely to rearrange the historic claims data 120 
gathered in step 100 into a different format (if not provided in this format by the user). In this new 
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format, columns continue to represent incurred periods, i.e., calendar months of claims incurred, i, 
as in Step 100, but ordering of the rows now represent the number of months after date of claims 
incurred in which the claim was paid (the number of months of payment lag, /, or lag time) rather 
than the calendar months in which claims were paid, p. 



5 The effect on the presentation is to move the non-zero cells from Step 100 upward, 

so that the first cell in each column represents claims paid in the same month as incurred for the 
calendar months corresponding to the respective columns, the second row represents claims paid 
in the calendar month immediately following the calendar month of incurred, and so on. This new 
organization of the data 120 facilitates calculation in subsequent steps. 



10 Thus, the data in the lower triangular data matrix of Table 1 is rearranged into an 

upper matrix form so that claim amounts in row 1 and column i represent claim amounts incurred 
in month i and paid in lag time Z, where / + /=/?. Claims paid in the same month as they are 
incurred are given a lag value of / = 0. The data from Table 1 is shown in Table 2, rearranged into 
upper matrix form, but with the claim amounts still labeled according to paid month, /?, and 

15 incurred period, i. In Table 3, the data of Table 2 is relabeled to conform with the respective lag 
time, /, and incurred period L The total claims incurred in month i and paid through month N 
remains unchanged since the data has only been rearranged by row, not by column. 



In the rearranged matrix, the cells to the lower right (lag time / > N - i) are empty, 
since the amounts which would be entered in these cells represent claims incurred but not yet paid 
20 (IBNP). These IBNP amounts are the unknown amounts to be calculated. The sum of the 

amounts of incurred and paid claims, Q,- (i.e., claim amounts incurred in month i and paid in lag 
time /) 5 for all / greater than N - i and all incurred periods i, represents the incurred claim liability 
or reserve which is to be determined. 
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Table 2. Initial Claims Data Rearranged to Upper-Triangular Matrix Format. 





Incurred period, i 




/= 1 


i = 2 


i = 3 


i = 4 






1 = N-3 


i = N-2 


t = N-l 


1 = N 


Claims 
Paid 
Lag 

time / 


1 = 0 


Cp=u 


Cp=2,2 


Cp=33 


Cp=4 f 4 






Cp=N-3,N-3 


Cp=N-2,N-2 


Cp=N-l,N-l 


Cp=N,N 


1 = 1 


Cp=2, 1 


Cp = 3 2 




Cp=53 






C jr -,_XJ -7 XT -1 


V -'P=IN- 1 ,1N -Z 


^^p=N,N- 1 




1 = 2 


C p =3,l 


Cp=4,2 


Cp=5,3 


Cp=tf,3 






Cp=N-l,N-3 


Cp=N,N-2 






1 = 3 


C A 1 


*--p=5,2 




^ p=73 






p 

y —p=N,N-3 




















































1 = 
N-4 


Cp=N-3,l 


Cp=N-2,2 


Cp=N-i,3 


Cp=N,4 














/ = 
N-3 


Cp=N-2,I 


Cp=N-l,2 


Cp=N,3 
















1 = 
N-2 


Cp=N-l,l 


Cp=N,2 


















/ = 
N-l 


Cp=N,l 




















Total Claims 
Incurred in 
Month i & 
Paid through 
Month N 


?c p ., 

P 


2C P)2 
p 


P 


p 






£ Cp,N-3 
P 


£ C p ,N-2 
P 


^ C PfN _! 
P 


^ C p ,N 
P 


Members in 
Month i 


Mi 


M 2 


M 3 


M4 






M N . 3 


M N . 2 


M N .. 


M N 



Table 3. Initial Claims Data Relabeled to Upper-Triangular Incurred vs. Lag Matrix 

Format. 





Incurred period, i 




i = 1 


i = 2 


i = 3 


1 = 4 






i = N-3 


i = N-2 


i = N-l 


i = N 


Claims 
Paid in 
Lag time, 
/ 


/ = 0 


Co,i 


Co,2 


Cq,3 


Co,4 






Co,N-3 


Co,N-2 


Co.N-l 


Co,N 


1=1 


Cu 


C1.2 


C1.3 


Cl,4 






Ci,N-3 


Ci,N-2 


Ci.N-i 




1 = 2 


C2.1 


C2,2 


C 2 ,3 


C2.3 






C2.N-3 


C2,N-2 






1 = 3 


C3.I 


C 3 ,2 


C 3 ,3 


C3.3 






C3.NO 




















































/ = N-4 


Cn^.i 


Cw-4,2 


Cn-4,3 


Cn-4,4 














/ = N-3 


Cn-3,1 


Cn-3,2 


Cn-3,3 
















/ = N-2 


Cn-2,1 


Cn-2,2 


















/ = N-1 


Cn-i,i 




















Total Claims 
Incurred in Month i 
& Paid through 
Month N 


2C U 

/<N 


/<N-1 


/<N-2 


SC/,4 
/<N-3 






2 C/, N -3 
/<4 


S C/ (N -2 
/=0,1,2 


2 C/ tN .1 
/=0,1 


2 C/,n 


Members in Month i 


M, 


M 2 


M 3 


M 4 






M N . 3 


M N . 2 


M N _! 


M N 



Calculating a per exposure paid lag claim amount, C'n 300 [optional! . If not 
otherwise provided, a per exposure paid lag claim amount, C'/ r , , is calculated by processing 
information in memory 900 of the computer system. The total incurred and paid claim amount per 
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incurred and lag time, Q ,, is divided by the number of exposures, M, in the incurred period over 
all incurred periods and lag times. 

The purpose of this step is to convert total claim amounts for an entire block of 
business for each cell in Step 200 to average per exposure paid lag claim amounts, C'/j . This step 
5 is necessary to make subsequent calculations independent of month-to-month changes in the 
number of members for whom claim cost liabilities are incurred. 

Each gross incurred and paid claim amount Q,i, is converted to the respective 
intrinsic per exposure per month (PMPM, or, -per member per month) value, C'/ i, by dividing by 
the number of exposures in each incurred period, Mj. 
10 C'/,i = Q,i / Mi for all i and all / <= N 

The resulting matrix of average per exposure paid lag claim amounts, C'/j , paid in 
each lag time, I , following the month of claim incurred, i , appears as in Table 4. 



Table 4. Claims Data Normalized to Per ExposureValues, C'/j 





Incurred period, i 




i= 1 


i = 2 


i = 3 


i = 4 






i = N-3 


i = N-2 


/ = N-1 


i = N 


Claims 
Paid 
Lag 

time, I 


1 = 0 


C'o.i 


C'o,2 


C'o,3 


C'o,4 






C'o,N-3 


Co,N-2 


C*o,N-l 


C'o,N 


1 = 1 


c,., 


C',,2 


C..3 


C'i,4 






C*i,N-3 


C'i,N-2 


C*i,N-l 




1 = 2 




C'2.2 


C'2.3 


C'2,3 






C*2,N-3 


C'2,N-2 






1 = 3 


C'3,1 


C'3.2 


C'3.3 


C'3.3 






C*3,N-3 




















































/ = 
N-4 


C'n-4,1 


C'n-4,2 


C*N-4,3 


C'n-4,4 














/ = 
N-3 


C'n-3,1 


C'n-3,2 


C'n-3,3 
















/ = 
N-2 


C'n-2,1 


C'n-2.2 


















/ = 
N-l 


C'n-i,i 




















Total per 
exposure 
Claims 
Incurred in 
Month i & 
Paid through 
Month N 


1<N 


ZC'u 

1<N-1 


2C 13 

l<N-2 


2C',, 4 
l<N-3 






^ C\n_3 
1<4 


^ C'i,N-2 
1=0,1,2 


2 C'l.N-l 
1=0,1 


1=0 


Members in 
Month i 


M, 


M 2 


M 3 


M4 






M N . 3 


M N . 2 


M N .! 


M N 



15 Adjusting Claims Data for Seasonality Effects and Trend 400 Toptionall. The 

purpose of this optional step is to correct the per exposure paid lag claim amounts for variations 
due to processes extrinsic to the IBNP liability calculation that are either known or separately 
estimated. These adjustments serve to minimize the effects of these extrinsic variables regardless 
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of the actual IBNP claims projection method used. Adjustments made in this step (if the step is 
optionally employed) are reversed in Step 800. Please note that though this step further improves 
the accuracy of the IBNP estimate, it is optional to the Paid Lag Method of the present invention. 

According to this step, the claims data may be adjusted for seasonality affects due 
5 to deterministic variables such as number of calendar days in each month, or estimated factors 
such as seasonal morbidity or cumulative effects of benefit or patient cost-sharing limits. This 
step is implied in the tables, and is not shown explicitly. 

The claims data is also adjusted for removal of the effects of trend, using either 
arithmetic or geometric parameter estimates. The end effect is to make the adjusted values 
10 seasonality- and trend-neutral. 

Calculating average paid lag claim amounts, C'/^ 500. An average per exposure 
paid lag claim amount, C*/ f is calculated by summing, for each lag time, the per exposure paid lag 
claim amount, C'/,i , over all incurred periods, i, and dividing by the sum of the number of 
exposures over all incurred periods. Cumulative values of C'/,i may also be calculated for use in 
15 the optional statistical regression step 600. 

The purpose of this step is to determine the average amount of paid claims per 
exposure by claims payment lag time (i.e., the average per exposure paid lag claims amount, C*/ ). 
In the Simple Paid lag method, this average value, C*/ , is used as the basis for projection of future 
paid claim amounts for incurred periods prior to the valuation date, but with claim paid periods 
20 after the valuation date. 

For each value of / e (0, 1, 2, . . ., N), define the member-weighted mean value of 

C'/,i as 

C* z = IMi* C'/,i / Z Mi for all i <= N - I 

If the only weighting to be used is the number of exposures in each incurred period, 
25 i, then this is equivalent to taking a direct average to obtain C*/ : 

C*/ = Z Q,i / Z Mi for all i <= N - / 

If the user wishes to apply a weighting to the various time periods (for example, to 
give greater credibility to more recent time periods), then an appropriate weighting value, w/„ may 
be determined for each of the various time periods and applied as follows: 

30 

C*/ = Z w u * Mf * C'z,i / Z w u * Mi for, all i <= N - 1 
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A cumulative paid lag amount as of the valuation date for a selected incurred period 
is the sum of paid lag claim amounts for one or more paid periods or the sum of paid lag claim 
amounts for one or more paid periods multiplied by a weighting factor. The cumulative claim 
amount C\,i without a weighting factor is given by: 

C\i = 2 C/ fi for all i <= N - / 

Alternatively, when the weighting factor is 1/Mi the cumulative paid claim amount 
is a cumulative per exposure paid lag claim amount and is calculated by summing the exposure 
claim amount over all incurred periods and lag times. 

C\i = 2 C'/,i for all i and all / <= A 

Performing a statistical regression of values of C'n against cumulative values of 

C Z n 600. 

The purpose of this step is to improve the predictability of calculated average per 
exposure paid lag claim amount, C*/ , by statistical regression. In general, paid lag claim amounts 
are regressed against cumulative paid claim amounts. In one variation, paid claim amounts Cy are 
regressed against C x,i without a weighting factor. In another variation, paid claim amounts are 
regressed against C x,i with a weighting factor. When the weighting factor is 1/Mi the paid claim 
amounts are per exposure claim amounts, C'/j, and the C\i are per exposure cumulative paid 
claim amounts. 

In implementing the regression analysis, a functional relationship between 
cumulative paid lag claim amounts and paid lag claim amounts is identified. The functional 
relationship will have one or more adjustable parameters. Moreover, the cumulative paid lag 
claim amounts, C\i , are independent variables. As set forth above, the cumulative paid lag claim 
amount for a selected incurred period is the sum of paid lag claim amounts for one or more paid 
periods or the sum of paid lag claim amounts for one or more paid periods multiplied by a 
weighting factor. In establishing the functional relationship, the paid lag claim amounts are 
dependent variables (C'/,i when per exposure values are used or Ci,i when no weighting factor is 
used). In the regression analysis, the one or more adjustable parameters are adjusted to obtain 
optimized parameters such that a predetermined function of differences between calculated paid 
lag claim amounts and actual paid lag claim amounts is minimized. Typically, this function of 
differences is the square of the differences and the analysis is a least squares analysis. 
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When a least squares analysis is used, two arrays of slope (a) and intercept (P) 
regression parameters must be calculated, where the values of the a and P for each combination of 
number of cumulative paid claims and runout beyond the end of the paid period are used to 
calculate the projected paid claim for the incurred period in a given future payment month. This 
5 calculation takes the form of {amount of claims to be paid in future payment month} equals P plus 
a times [cumulative claims paid for given claim incurred period as of valuation date], for each 
combination of past claims incurred period and future claims payment month. 

Values of C*/ may be either used directly to project future claim liability reserves 
(as in the Simple Paid Lag version of the method; i.e. go to 700 without performing 600), or the 

10 Regressed Paid Lag version of the method may be employed as per present step 600, in which the 
estimates (from step 500 above) can be improved further by statistical regression of the per 
exposure historic values of C'/,i [the dependent random variable describing claims incurred by 
member m in month i and paid before the end of month i + I] against the corresponding 
cumulative values of C\i (the independent random variable). 

15 Alternatively, the possible dependence of *F(/?i,i t L) (i.e., the random variable used 

to describe claim liability incurred by members m in month i and paid in lag time /) with S 
T(m,i,/) (0 < I < L) may be estimated and adjusted for by employing the Regressed Paid Lag 
version of the method. If it is assumed that there is a linear relation between the two, then linear 
regression of the historic realized values of *P(m,i,L) against the corresponding cumulative values, 

20 2 Y(m,i,/) (where 0 < / < A for all A < L ), will yield two arrays of regression parameters, a / / and 
Pi;/, respectively, as the slope and intercept parameters to generate the incurred claims estimators. 
Let M, be the cardinality of Mj, that is, the number of members in each respective incurred period 
i. Then the estimator of claims incurred in month U paid in lag time i + /, given claims incurred in 
month i and cumulatively paid through month i + L (L < I), is 

25 E[*F(in,i,L)] = P IfL + a u * Z Z *F(m,i,A) + M f (all m e M if 0 < A < L) 

m A. 

If a linear least-squares regression model is used, then for each combination of lag 
time / and cumulative lag times A regression parameters of slope, oc^i, and intercept, /3a,/, must be 
calculated. The regressed slope and intercept parameters as ctx,i, and Px,i, respectively, are 
30 identified. The regression may be performed on values of of C'/,j and C S / ti weighted by the number 
of members in each incurred period, M„ or other weighting parameter as appropriate to the 
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circumstances. For example, if more recent claim incurred and payment patterns are considered to 
be more representative of expected future claim runout payments, then a time-dependent 
weighting factor w,- may be used, where w, < w i+ i for all i. The results can be shown in matrices 
presented in Table 5 and Table 6, respectively. 



Table 5. Slope Regression Parameters from Linear Regression of per exposure 
Values of C'/,i against Cumulative values of C\j 





Cumulative Incurred and Paid Claim Lags, X 




X = 0 


X=l 


X = 2 


X = 3 






X = N-4 


X = N-3 


X = N-2 


X = N-l 


Claims 
Paid 
Lag 

time, / 


1=1 


cto,i 




















1 = 2 


0(0,2 




















1 = 3 


0(0,3 


0Cl,3 


















1 = 4 


1 0(o,4 


Ctl,4 




a 3 , 4 : 


























































/ = N-3 


0C0,N-3 


Cti,N-3 


0t 2 ,N-3 


0(3, N-3 






OCN-4.N-3 








/ = N-2 


O(0,N-2 


0Cl,N-2 


Ct 2 ,N-2 


Ct3,N-2 






0Cn-4,N-2 


CCn-3,N-2 






/ = N-1 


0(<),N-1 


Cti,N-i 


0C 2 ,N-1 


Ct3,N-l 






0CN-4.N-1 


a N-3,N-l 


0tN-2,N-l 




l = N 


C(0,N 


0Cl,N 


a 2 , N 


a 3. N 






CCn-4,N 


CtN-3,N 




0Cni,n 



Table 6. Intercept Regression Parameters from Linear Regression of per exposure 
Values of C'/,i against Cumulative values of C Z / f i 





Cumulative Incurred and Paid Claim Lags, X 






X = 0 


x = 1 


X = 2 


X = 3 






X = N-4 


X = N-3 


X = N-2 


X = N-l 


Claims 
Paid 
Lag 

time, / 


1=1 


Po,i 




















1 = 2 


Po,2 


Pl,2 


















1 = 3 


Po,3 


Pl.3 


P 2 ,3 


















1 = 4 


Po,4 


Pl,4 


P2,4 


P3,4 
































































/ = N-3 


Po,N-3 


Pl,N-3 


p2,N-3 


P3.N-3 






Pn-4,N-3 










/ = N-2 


Po,N-2 


Pl,N-2 


p2,N-2 


P3.N-2 






Pn-4,N-2 


Pn-3,N-2 








/ = N-1 


Po.N-l 


Pl,N-l 


P2,N-1 


P3,N-1 






Pn-4,N-1 


Pn-3,N-1 


Pn-2,N-1 






/ = N 


Po,N 


Pl.N 


P2N 


P3,N 






Pn-4,N 


Pn-3,N 


Pn-2,N 


Pn-i.n 



Projecting IBNP claim amounts 700. An IBNP claim amount is an estimated paid 
lag claim amount for claims incurred in a given incurred period before the valuation date which 
will be paid a given lag time following the valuation date. The IBNP claim amount is projected by 
setting it equal to the regressed paid lag claim amount for the given incurred period and lag time. 
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When the IBNP claim amount is a per exposure IBNP claim amount, the per 
exposure per month amounts for claims incurred in or before month Mn but not paid until after 
month Mn , i.e., C*/,i , are determined using values of C*/ that have either been regressed (if 
Regressed Paid Lag version employed; see step 600), or not (if Simple Paid Lag version 
5 employed; see step 500). In other words, for the Simple Paid Lag version, the average estimated 
values C*/ are taken to represent (i.e., projected to be) what is to be expected in the future. 

If the Regressed Paid Lag version of the method is employed, the purpose of this 
step is to apply the regression parameters, a and (3, calculated in the previous step (600) to 
calculate the regressed estimate of IBNP claim liabilities by lag time. 
10 Table 7 shows the labeling scheme for the initial projected per exposure IBNP 

claim amounts, C*/,i. Values in the lower right of the matrix (i.e., cells below the double border) 
represent projected IBNP amounts by incurred period i and lag time Z ( i + Z > N), while values in 
the upper left half of the matrix, above the double border, represent claims incurred in month i and 
already paid in lag time l(i + l<= N). 
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Table 7. Projected Values of per exposure Incurred But Not Paid Claims, C*/ i 





Incurred period, i 




i = l 


i = 2 


1 = 3 


i = 4 






i = N-3 


i = N-2 


i = N-l 


i = N 


Claims 
Paid 
Lag 

time / 


1 = 0 


C'o.i 


C'o,2 


C'o.3 


C'o,4 






C'o.N-3 


C'o.N-2 


C'o,N-l 


C'o,N 


1 = 1 


C'ij 


C',.2 


C',.3 


C' 1,4 






C'i,N-3 


C' l,N-2 


C' i,N-l 


C*,. N 


1 = 2 


C' 2 .i 


C'2,2 


C'2.3 


C'2,4 






C'2,N-3 


C'2,N-2 


C* 2 .N-1 


C* 2 .N 


1 = 3 


C'3.1 


C'u 


C'3.3 


C' 3 ,4 






C'3,N-3 


C*3,N-2 


C*3,N-1 


C* 3 . N 














































/ = N-4 


C'n-4,1 


C'n-4,2 


C'n-4,3 


C'n-4,4 






C*N-4,N-3 


C*N-4,N-2 


C*N-4,N-1 


C*N-4,N 


/ = N-3 


C'n-3.1 


C'n-3,2 


C'n-3,3 


C* N -3,4 






C*N-3,N-3 


C*N-3,N-2 


C*N-3,N-1 


C*N-3,N 


/ = N-2 


C'n-2,1 


C'n-2,2 


C*N-2,3 


C*N-2,4 






C*N-2,N-3 


C*N-2,N-2 


C* N -2,N-1 


C*N-2,N 


/ = N-1 


C'n-i.i 


C*N-1,2 


C* N .!. 3 


C* N -1,4 






C* N -l,N-3 


C*N-l,N-2 


C*N-1,N-1 


C*N-1,N 


Total per 
exposure Claims 
Incurred in Month 
i & Paid through 
Month N 


ZC' U 

/<N 


/<N-1 


/<N-2 


IC',,4 

/<N-3 






/<4 


^ C'l,IM-2 
/=0,1,2 


S C'l^N-l 
/=0,1 




Members in 
Month i 


M, 


M 2 


M 3 


M 4 






M N . 3 


M N . 2 


M N .i 


M N 



If the Regressed Paid Lag version of the method is employed and regressed values 
of C*i are used, then the per exposure EBNP amounts for claims incurred in or before month Mn 
20 but not paid until after month Mn are determined as: 

C\i = Px,/ + ( ol ki X C\i ) 
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If the Simple Paid Lag version of the method is employed and values of C*/ are not 
regressed, then C*/,i = C*/ for all i. 

Table 8 shows the completed per exposure claims matrix for values of C*/,i if the 
projected values are not regressed (i.e. Simple Paid Lag version of method employed). Table 9 
5 shows the regressed values of C*/j if the per exposure claim amounts are regressed and projected 
using the values of C\j, and c\i as described (i.e. Regressed Paid Lag version of the method 
employed). For clarity, the formulae for calculation of the various values of C*/,i are shown in 
Table 9. In both Tables 8 and 9, the values in the lower right half of the matrix (i.e., cells below 
the double border) are the initial projected per exposure incurred but not yet paid amounts. 

10 

Table 8. Projected Values of per exposure Incurred But Not Paid Claims, C*/ i, 
without Regression ( C*/,i = C*; ) [Simple Paid Lag version] 





Incurred period, i 




i = 1 


i = 2 


i = 3 


i = 4 






i = N-3 


i = N-2 


* = N-1 


j = N 


Claims 
Paid 
Lag 

time / 


1 = 0 


C'o,i 


C'o,2 


C'o,3 


C'o,4 






C'o.N-3 


C'o,N-2 


C'o,N-l 


C'o.N 


1=1 


C'u 




C' 13 


Cm 






C'i,N-3 


C'l,N-2 


C'i,N-l 


c*, 


1 = 2 


c 2 . 


C'2,2 


C'2.3 


C*2A 






C'2,N3 


C'2,N-2 


C* 2 




1 = 3 


c 3 . 


C'x2 


C'3.3 


C'3,4 






C'3,N-3 


C* 3 


C* 3 


C* 3 














































/ = N-4 


C'n-4,1 


C'n-4.2 


C'n-4,3 


C'n-4.4 






C* N -4 


C* N _4 


C*N-4 


C*n_4 


/ = N-3 


C'n-3,1 


C'n-3.2 


C*n_3,3 


C* N . 3 






c* N3 


C* N . 3 


C* N . 3 


C* N . 3 


/ = N-2 


C'n-2,1 


C'n-2,2 


C* N _2 


C* N . 2 






C* N -2 


C* N .2 


C* N . 2 


C* N . 2 


/ = N-1 


C'n-1,1 


C* n .i 


C* N .l 


C* N _, 






C* N -1 


C* N ., 


c* N ., 


C* N ., | 


Members in 
Month i 


Mi 


M 2 


M 3 


M4 






M N -3 


M N -2 


M N .i 


M N 



15 
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Table 9. Projected Values of per exposure Incurred But Not Paid Claims, C*/,i, 



with Regression [Regressed Paid Lag version]. 





Incurred period, i 






i = 1 


i = 2 


1 = 3 






i = N-2 


i = N-l 


i = N 




1 = 0 




C'o,2 


C'o,3 






C'o,N-2 


C'o.N-l 






/ = 1 


C 1,1 


C 1,2 


C 1,3 






l,N-2 




C* 1>N = 

Po.i + 
0*0,1 x 

C o,n) 


Claims 
Paid 
Lag 

time, / 


1 = 2 


C'2,1 


C'2,2 


C' 2 ,3 






C*2,N-2 


C* 2 ,N-1 = 
Pl,2 + 
(CCi,2 x 
C i,N-l) 


C* 2(N = 
Po,2 + 
(0^0,2 X 

C o,n) 


1 = 3 


C\, 


C' 3 ,2 


C'3,3 






C*3,N-2 = 
P2,3 + 
(Ot 2 ,3 X 
C 2,N-2) 


C* 3 ,N-1 — 
Pl,3 + 
(Cti,3 X 
C i,N-i) 


C*3, N = 
Po,3 + 
(Oo,3 X j 

C o,n) i 














































/ = 
N-3 


C'n-3,1 


C*N-3.2 


C' N _3,3 






C* N -3,N-2 = 
p2,N-3 + 

(a 2 , N -3 x 

C 2,N-2) 


C*N-3,N-1 = 
Pl.N-3 + 
(^1^-3 X 
C l,N-i) 


C*N-3,N — 
Po,N-3 + 

x C o,n) 




/ = 
N-2 


C'n-2,1 


C' N-2,2 


C* N -2,3 = 
Pn-3,N-2 + 
(CCN-3.N-2 X 

C N-3,3) 






C*N-2,N-2 = 
P2.N-2 + 
(Ot 2 ,N-2 
X C 2,N-2) 


C*N-2,N-1 = 
Pl,N-2 + 
( a l,N-2 
X C i, N -l) 


C*N-2,N - 
Po,N-2 + 
(0^),N-2 

x C o,n) 




/ = 
N-l 


C'n-1,1 


C*N-i,2 = 
Pn-2,N-1 + 

(o:n-2,n-i x 
C N-2,2) 


C* N -U = 
Pn-3,N-1 + 
(CCN-3.N-1 x 

C N-3,3) 






C*N-l,N-2 = 
P2,N-1 + 

(a 2 , N -i x 

C 2 ,N- 2 ) 


C*N-1,N-1 = 
Pl,N-l + 
(CCl,N-l x 

c\ N _i) 


C*N-1,N ~ 
Po,N-l + 
(0(0,N-1 

x C o,n) 


Members in 
Month i 


Mi 


M 2 


M 3 






M N . 2 


M N .i 


M N 



Note that if optional step 400, adjusting for trend, is not employed, the regression 
performed in this step may be an exponential instead of a linear regression. 

Adjusting Projected Values of C*n for Trend and Seasonality 800 f optional! . In 
this step, the adjustments for trend, seasonality, etc., which were applied in Step 400 above (if 
optionally employed), are essentially reversed to reintroduce known or estimated extrinsic effects 
on the IBNP claim liability estimates. 

Thus, projected values of per exposure IBNP claim amounts are then adjusted in 
the reverse of procedure used in 400. These adjusted per exposure values are designated as C A /,i 
for claims incurred in month i and projected to be paid in lag time /. Table 10 showsHhe 
completed per exposure claims matrix. Values in the upper left (C/,) are incurred and paid per 
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exposure amounts from Step 300 (Table 4), while values in the lower right (C A /,0 are the estimated 
per exposure IBNP claim amounts. 

Table 10. Completed Estimates of per exposure IBNP Claim Amounts, C A /,i, 



Incurred in Month i and Paid in Lag time /. 





Incurred period, i 






i= 1 


i = 2 


i = 3 


i = 4 






i = N-3 


i = N-2 


i = N-l 


i = N 




/ = 0 


C'o.i 


C'o,2 


C'o,3 


C'o,4 






C'o.N-3 


C'o,N-2 


C'o,N-l 


C'o.N 




/= 1 


C'u 


C'u 


C'u 


c\ 4 






C*l,N-3 


C' i,N-2 


C*i f N-l 


C A , 




1 = 2 


C\i 


C*2,2 


C'2,3 


C*2,4 






C'2,N-3 


C'2,N-2 


C* 2 


C A 2 




1 = 3 


c\i 


C'3,2 


C'3,3 
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Estimating total amount of reserve liabilities for IBNP claims 900. An amount of 
reserve liabilities for IBNP claims per incurred period is estimated by summing the projected per 
exposure EBNP claim lag amounts by incurred period and then multiplying the resulting sum by 
the number of exposures in each incurred period prior to the valuation date (this may or may not 
be a per exposure IBNP claim lag amount.) The total amount of reserve liabilities for IBNP 
claims is then estimated by summing the estimated amount of reserve liabilities for IBNP claims 
per incurred period over all incurred periods. 

When the EBNP claim lag amount is a per exposure IBNP claim lag amount, the per 
exposure IBNP claim liability estimates (i.e., C A / i , if Step 800 employed; else, C*/,i , from Step 
700) are summed by incurred period, then multiplied by the number of member-exposures in each 
incurred period prior to the valuation date to generate total estimates of IBNP claim liabilities by 
incurred period. For simplicity, the notation C A /,i is employed following. However, if step 800 is 
not employed, the reader will substitute the notation C*/,i for C A / i in the following. 
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For any given month i of claims incurred the total estimated per exposure IBNP 
claim amount is obtained by summing the estimated per exposure IBNP claim amounts for each 
lag time /, for all cells where / + i > N: 

Total per exposure EBNP in month i = 2 C A /,i 

/>N-i 

The total IBNP claims estimates for each month i is obtained by multiplying the per 
exposure IBNP estimate for month i by the number of members covered in month i (exposure): 

Total IBNP in month i = 2 C A /,i X Mi 

l>N-i 

The estimate of total IBNP claim liability or reserve for all months as of the end of 
month N is simply the sum for all months i: 

Total IBNP = 2 [ Z C A /,i X Mi ] 

i l>N-i 

The per month and total IBNP estimated value may be output (along with all other 
calculations from the above steps) as results 920 and stored in memory 900 (e.g., a database; see 
Fig. 2) in the computer system. The results 920 may be output from the memory 900 as outputs 
940 in the form of spreadsheets, reports and the like and used to optimally allocate resources so as 
to minimize liability reserve margins, reduce capital expenditures and more accurately comply 
with GAAP and statutory reporting requirements in financial statements. End users 950, including 
actuaries, accountants, financial managers and the like, may further query 960 the results 920 as 
stored in memory 900 to provide output customized to their needs. 

Detailed description - system 

A general-purpose computer, its component devices, and software, provide means 
for implementing the method steps described above (see Figs. 2 and 3). Together, these comprise 
the system of the present invention. 

In a Projected Paid Lag module 1000, steps of the Paid Lag Method (i.e., steps 100- 
900 inclusive if Regressed projected paid lag version of method is employed, or steps 100-500, 
700-900 if Simple Paid Lag version of method is employed) are performed in conjunction with 
Projected Paid Lag software 1400 (coded for one or, more generally, both versions of the method) 
and a data processor 1600. The module 1000 received inputs 120 of historic raw data from 
memory 900. 
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The Projected Paid Lag software 1400 is computer-readable code residing on a 
program storage device 1300 having a computer usable medium 1500 for storing the program code 
of Projected Paid Lag software 1400. The program storage device 1300 may be of a conventional 
variety, such as a conventional disk or memory device. The computer-usable medium 1500 on 
5 which the software 1400 is stored may be of a variety of types including, but not limited to, RAM, 
floppy disk, magnetic tape, CD-ROM, or other type of computer readable storage media. 

The Projected Paid Lag software 1400 may be created using general-purpose 
application development tools such as programming languages, graphical design tools, and 
commercially available reusable software components. General memory 900, such as a database 

10 engine, may be used to manage data storage and retrieval. 

The processor 1600 is part of a general-purpose computer system. Any general- 
purpose computer may be used, provided that the processing power is sufficient to achieve the 
desired speed of computation for the amount of data being processed by the system. 

Once the estimated EBNP reserve amounts results 920 are generated and stored in 

15 memory 900, they may be used by an end user 950 in deciding how to optimally allocate resources 
so as to minimize liability reserve margins, reduce capital expenditures, more accurately comply 
with GAAP and statutory reporting requirements in financial statements, and the like. The per 
month and total IBNP estimated values may be output from memory 900 in the form of 
spreadsheets, reports and the like. End users 950, such as actuaries, accountants, financial 

20 managers and the like, may request specific information from the system through a query 960 and 
thereby produce output 940 customized to their needs. 

The system accommodates post-processing of the results data 920, allowing 
delivery in various formats and through various electronic media. The system can generate output 
940 in the form of further analyses and presentation as graphs, spreadsheets, maps, HTML 

25 documents, or other formats. Because of the regional geographic nature of the output, it may be 
suited to a geographic presentation using mapping software. As mentioned above, queries 960 
may be formulated to a user's specifications in order to create customized output to use in making 
financial management decisions. The output 960 can be delivered electronically through a variety 
of channels, including facsimile, e-mail, local area networks (LANs), wide area networks (WANs) 

30 and the worldwide web. It can also, of course, be provided in hard copy. 

The results 920 as stored in memory 900 themselves, or customized output data 960, may be 
incorporated into a company's information management system for intra-net online access (via a 
LAN or WAN) to enable company- wide access to results. In this way, the system of the present 
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invention may be fully incorporated into a company's information system to provide a seamless 
interface to their current management decision-making structure. 



Advantage of the invention 



The accurate estimates of IBNP claim amounts produced by the previously 
described versions of the present invention provide several advantages to users including (a) 
means by which IBNP claim amounts for claims incurred in a given incurred period before a 
valuation date and to be paid a given lag time later in a given paid period following the valuation 
date, are projected be setting same equal to the average paid lag claim amount for the given lag 
time; (b) means by which total liability reserve amount for IBNP claims may be accurately 
estimated with minimal variance from the actual IBNP amount eventually paid by a payer; and (c) 
means for outputting the IBNP claim amount estimates for use to minimize liability reserve error 
with the resulting advantages of reduction of capital expenditures, accurate assessment of 
profitability and tax liabilities, maintenance of statutorily required minimum reserve amounts, 
compliance with GAAP and statutory reporting requirements in financial statements, and the like. 



The present invention does not require that all the advantageous features and all the 
advantages need to be incorporated into every embodiment thereof. 



The following example illustrates the various embodiments of the present 
invention. Those skilled in the art will recognize many variations that are within the spirit of the 
present invention and scope of the claims. Tables A-l through A-6 provide the results of the 
manipulation of date via the methods of the invention as described above. In particular these 
tables clarify the procedure by which the dependent and independent variables in the regression 
analysis are identified. 
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While embodiments of the invention have been illustrated and described, it is not 
intended that these embodiments illustrate and describe all possible forms of the invention. 
Rather, the words used in the specification are words of description rather than limitation, and it 
is understood that various changes may be made without departing from the spirit and scope of 
the invention. 
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